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The paper introduces our work related to the design and implementation of a decision-aware 
system focused on the loan contracting decision process. A decision-aware system is a soft-
ware that enables the user to make a decision in a simulated environment and logs all the ac-
tions of the decision maker while interacting with the software. By using a mining algorithm 
on the logs, it creates a model of the decision process and presents it to the user. The main 
design issue introduced in the paper is the possibility to log the mental actions of the user. 
The main implementation issues are: user activity logging programming and technologies 
used.  The first section of the paper introduces the state-of-the-art research in process mining 
and the framework of our research; the second section argues the design of the system; the 
third section introduces the actual implementation and the fourth section shows a running ex-
ample.  
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Introduction 
Decision making is a process that consists 
of a sequence of actions (mostly mental) per-
formed by a decision maker. If a manager is 
provided with software containing all the ne-
cessary data for a certain decision, the user 
activity within the software is a physical in-
stance of the reasoning patterns. The actions 
within such software should be logged, thus 
capturing the knowledge employed by the 
user. If the system is capable of providing a 
feedback decision process reasoning model, 
based on the logged system interaction, the 
software becomes decision-aware.  Decision 
mining is the activity that, based on logs of 
user interaction with decision-aware  soft-
ware, extracts and creates a model of the de-
cision making process that shows the mental 
activity sequence (decision workflow) per-
formed by the manager during the process. 
We seek to enable capturing (in logs) and 
communications (through models) of think-
ing and reasoning patterns of individual deci-
sion makers. Based on the experimental vali-
dation, another output of the project will be a 
set of reference models for all the major de-
cisions in an enterprise.  
The target audience of our approach is: pro-
fessionals in knowledge acquisition and re-
searchers in economics. The first category 
can benefit from this novel knowledge acqui-
sition method. The major benefit is that we 
provide a quicker, sometimes more accurate 
and less expensive (compared to the classic 
methods like questionnaires, interviews, etc.) 
instrument for  extracting and depicting 
knowledge from large samples of individu-
als. Also, this method allows a researcher to 
cover  decision making from the process 
perspective. So far the process perspective of 
decision making is limited to a theoretical 
approach and less, as far as we are aware of, 
to creating process models for particular de-
cisions in an enterprise. 
Our research draws on the previous work in 
two major fields: simulation (of workflows 
and overall enterprise business) and process 
mining.  
The simulation of  workflows aims  to im-
prove the business processes performed with-
in an enterprise. Some approaches are intro-
duced in [1] [2] [3] [4] [5]. The goal of such 
a simulation is to find a better way to use the 
resources of the enterprise, to redistribute the 
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tasks within the enterprise, etc. The decision 
elements are actually the forks (splits) in the 
model where one of the paths in the model 
needs to be chosen. The goal of such a simu-
lation is to optimize the decision nodes in or-
der to improve the throughput time of a case. 
Process mining is an activity focused on find-
ing nontrivial and novel knowledge and dis-
tilling a structured process model from  the 
low level logs of transactional systems [6]. 
The aim of process mining is to build a mod-
el of the workflow of physical activities per-
formed by the employees and systems of the 
enterprise. The first research in finding an al-
gorithm that will convert  a log into a 
workflow model started in 1990 [7], [8]. Cur-
rently the most cited work belongs to Van 
der Aalst and the books that set the founda-
tion for the state-of-the-art are [9], [10]. 
The virtual environment will cover all the 
major departments of an enterprise: purchas-
ing, production, sales, human resources, in-
vestments, and financial management  [11]. 
The departments that will require the user to 
make decisions are introduced in Figure 1.  
 
 
Fig. 1. Departments of the virtual enterprise requiring decisions 
 
However, the user must concentrate on mak-
ing only one decision at a time. Therefore, 
the general design of the virtual environment 
must allow the clear separation between de-
cisions while allowing the usage of data and 
decisions in one department for all other de-
partments. The architecture of the decision-
aware system is introduced in Figure 2. 
 
 
Fig. 2. Architecture of the enterprise-wide decision-aware system 
 
It can be seen in Figure 2 that there needs to 
be a separate module for each decision 
process. The example shown in the next sec-
tion of this paper focuses on the implementa-
tion of the Loan Contracting Module. This 
specialization on many decision modules 
gives us the opportunity to clearly assign all 
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one decision process. The design on the en-
terprise-wide system will require us to devel-
op specialized simulations for each decision 
process we will research. Each such module 
will use web services to transfer decision ac-
tivity logs to the core system and to receive 
data updates for the simulation data. The ac-
tivity logs will be transferred to the central 
log database on the core system after each 
session. If the user makes a decision in one 
module, the scenario data in all the other 
connected modules might require an update 
(for example, if the user decides to employ 
more people in one module the scenario data 
in production module will be update accord-
ing the new employee number). 
Each individual module can be created using 
a different approach. The only restriction is 
that each module needs to output the activity 
logs in the standard format used in the core 
system. The framework architecture of an in-
dividual decision module is shown in Figure 
3. Basically, the decision module will need to 
have a user interface that the decision maker 
will use in order to interact with the system. 
There also should be a security component 
that will allow the user access control. The 
application logic consists mainly of model 
management, scenario data and data deriving 
components. The logging of the user interac-
tion will be done by the dedicated compo-
nent. 
 
 
Fig. 3. Architecture of a decision module of the decision-aware system 
 
The general approach over the lifecycle of a 
decision-aware system is introduced in Fig-
ure 4. 
 
 
Fig. 4. Lifecycle of a decision-aware system 
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The simulated environment has three compo-
nents. The simulation model comprises the 
knowledge extracted from the experts regard-
ing the decision that will be simulated within 
the module. This consists of the data that is 
required for the decision, the rules and re-
striction that apply and a general workflow 
that can be used. The simulation software is 
the actual system that must provide all the 
data to the decision maker (ranging from un-
important to critical) and must enable the 
logging of user activities within the software. 
The simulation logs are tables containing all 
the user actions. Each module simulates only 
one decision circumstance; therefore the logs 
produced will be associated with only one 
decision process and only one decision type. 
There are two outputs of the decision mining 
process: individual decision process models 
(one model for each trace in the logs) and a 
reference decision model (one model for all 
the traces in the logs). There should also be a 
tool and some metrics that will allow the in-
dividual decision process model to be com-
pared with the reference model. The refer-
ence model will be used in the next software 
iteration to update and improve the simula-
tion model. 
The architecture of the loan contracting deci-
sion module presented in the next section is 
introduced in Figure 6. It is one of the mod-
ules of the enterprise-wide system presented 
in Figure 2 and follows the framework archi-
tecture presented in Figure 3. While develop-
ing this module we used the lifecycle intro-
duced in Figure 4. 
 
2 The loan contracting decision-aware sys-
tem implementation 
Some issues on key points of the proposed 
approach are: 
- in order to build an accurate simulation, it is 
essential to thoroughly explore the decision 
problem and context with the help of ex-
perts. This primarily involves precise deter-
mination of all data and information that 
should be presented to the user by the soft-
ware (internal and external to the company). 
- an important issue affecting the quality of 
logs is the data presentation in the user inter-
face. Data can be presented either centralised 
(on only one page), either decentralised (di-
vided over several pages with links between 
them). The advantage of centralised presenta-
tion is that users no longer have to navigate 
within the application, thereby producing a 
log that contains only the actual action. The 
disadvantage of this approach is that pages 
will have  a large number of elements that 
confuse the user. If data presentation is de-
centralised, the user will not be able to view 
all data in the same pages and numerous in-
termediate steps of navigation  will be re-
quired. This can impede on data comparisons 
for example. 
- logging user activity is critically influenced 
by the tools employed. If using low-level 
tools (logging the controls clicked by the 
user) the data format is tabular, easily usable 
in mining algorithms. If using high-level 
tools (e.g. eye tracking) the output is a "heat 
map" that contains the locations where the 
user's gaze concentrated (symbolized by the 
colours of different intensities) and lines rep-
resenting the eye’s movements (indicating 
user attention moving from one element to 
the next one). 
- the main problem of mining decision logs is 
the mathematical foundation and the model’s 
representation format. We considered that the 
most appropriate format is coloured Petri 
nets (CPN). These networks are built based 
on solid mathematical foundations and have 
demonstrated  the ability to represent the 
workflows in research related to process min-
ing. 
- in the model generated after the mining, the 
biggest challenge is to balance a too general 
or too detailed presentation of the activities. 
Some of the assumptions used in setting up 
the project: 
- The system should be similar to a Decision 
Support System. It should provide the user 
with all the critical data ranging from trivial 
to critical and should give the user the possi-
bility to derive information and new data 
based on the simulation data; 
- To perform an effective decision mining it 
is essential to "force" the user to mentally di-
vide the decision process into basic mental Informatica Economică vol. 15, no. 1/2011    171 
 
activities. To build such software, we have to 
reconsider the entire software development 
process because we add a new key objective 
that has to be achieved by the system. 
- The software has to track and log all data 
used by the user. If new data is derived, the 
system should log which are the source data 
and the formula used. 
- The software should be constructed so that 
all the mental activities of the decision-maker 
will take place within the application. The 
user needs no data other than those available 
in the system and should not be allowed ac-
cess to other sources of information. 
Decision mining is based on several assump-
tions: 
- Every action in the system log refers to a 
single mental activity and is a well defined 
step in decision-making process. 
- Each logged action refers to one and only 
one well-defined decision  process trace. A 
full decision process is considered one that 
ends  by  the user’s choice of  an alterna-
tive. Any other end transforms the process in 
an incomplete trace. 
- Each decision-making process is performed 
by known decision makers; 
-  In case of collaborative decision-making 
processes, each action can be attributed to a 
single decision-maker and each interaction 
between participants can be reduced to 
atomic actions performed by a single person. 
- Each action has an attached timestamp and 
actions are performed in a logical order by 
the decision maker. 
The overall approach used in decision mining 
is introduced in Figure 5: 
 
 
Fig. 5. Overall approach of decision mining 
 
To implement the system we used the appli-
cation framework CodeIgniter  (available: 
http://www.codeigniter.com/). CodeIgniter is 
a powerful PHP framework containing a set 
of simple and easy to use tools for building 
complex web applications. This is an open 
source framework and aims to allow devel-
opers to develop projects more quickly than 
if they would start writing code from scratch. 
Therefore, the construction of complex and 
dynamic web projects is allowed because the 
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ture to access a rich set of libraries for the 
most commonly used functions and methods. 
CodeIgniter is largely based on the popular 
Model-View-Controller architectural pattern. 
Model-View-Controller (MVC) [12] is a 
software architecture commonly used in 
software engineering, that isolates the appli-
cation logic from user interface. The Model 
component is used to represent knowledge in 
the form of objects or object structures. This 
information is used to manage information, 
and when changes occur to notify the asso-
ciated views so they can update their content. 
The View component is a visual representa-
tion of the  model in an appropriate form, 
used as an interface with users. The view is 
composed of all objects that the user can in-
teract with, such as buttons, links, textbox's, 
etc.  The Controller component makes the 
connection between user and system,  be-
tween model and view  components.  There-
fore,  a controller receives input data from 
and initiates calls to the model objects while 
making possible the transmission of messag-
es to the view. 
Prototype  (available: 
http://www.prototypejs.org/)  is a JavaScript 
Framework, which aims to facilitate the de-
velopment of dynamic web applications. It 
offers many features for developing applica-
tions with JavaScript and XMLHttpRequest 
in particular. It also features an Ajax toolkit 
and library for developing object oriented 
applications. 
In Fig. 6 we show a description class diagram 
based on MVC architecture. In Class 
Data/Model we defined several features that 
we describe below. Thus, we have the Get-
Data() function that takes the data from the 
specified table as a parameter and puts it into 
an array. GetCredit() function gets the loan 
data with the specified type as a parameter. 
GetTime() function returns the time in milli-
seconds and GetDobanda() function retrieves 
the credit data type and percentage interest. 
 
Fig. 6. Class diagram of the Loan Contracting Decision Module 
 
In Libraries Class there are multiple data-
base, security, validation and authentication 
libraries. Database is the library which cre-
ates the connection with the  mysql  server. 
Security library is used to secure data so that 
it does not allow attacks like SQL injection, 
XSS, CSRF/XSRF, etc.. Validation  library 
contains classes for validating incoming data 
as input. Authentication  library  allows  the 
authentication of users, checks  if the  user-
name and password are correct and sets the 
session  variable which determines whether 
the user is logged or not. 
In the Controller class: 
- login() method displays the login page,  
-  log() method contains the procedure to 
store/log in the database the events and the 
values in the clicked textboxes,  
- calc_button() method adds the +, -, *, /, and 
= signs in the array used for the representa-
tion of the expression string,  
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to in the array used for the representation of 
the expression string,  
- calc_equal() method calculates and displays 
the value of expression;  
-  show_page()method  displays  the received 
page as a parameter in the URL. 
View class contains the methods: cashflow(), 
balance_sheet(), reve-
nues_and_expenses_account(), 
trial_balance(), investment(), indicators(), 
loan_market(), Decisions(), login_page(), 
and menu(). Each method dynamically gen-
erates a HTML page with the same name. 
To log the clicks  performed by the user 
within the software and the textbox's existing 
values, we retrieve all events of type “click” 
on each page, we filter only those that are of 
INPUT type and contain “text” attribute. For 
each click  a  POST  method is performed 
through Ajax calls to a procedure that logs 
the events with id and value parameters. 
As we have shown before, logging only the 
user activity is not enough. Therefore, we 
need to also log the values that are derived by 
the user during the decision making process. 
In order to calculate different data based on 
the data provided in the simulation scenario, 
we implemented a calculator. It can get val-
ues from textboxes in the forms of all pages 
in the software. When a user clicks on a text-
box the system will display both the related 
value and an “Add” button that allows him to 
add the current value in the calculation string 
(see Figure 7). Therefore, we defined a func-
tion that is invoked by the on_click event of 
each button. It triggers an Ajax POST type 
call with parameters id and value. The result 
is received by the calculator in JSON format. 
If an error occurs the error message is dis-
played (error), otherwise the label “string” of 
the calculator is updated. The calculator data 
string is stored in a variable in user session 
and is initialized and reset at each login. With 
every item added to the computer, the string 
is interpreted, encoded in JSON format and 
transmitted to the client to be interpreted 
JavaScript. 
 
 
Fig. 7. User interface of the Loan Contracting Decision Module 
 
JSON (JavaScript Object Notation) is a for-
mat for data transfer. It is easy to read/write 
by humans and analyzed/generated by com-
puters. JSON is a text format that is indepen-
dent of language and uses the universal con-
ventions and data structures that are familiar 
to programmers acquainted with the language 
family C, C + +, C #, Java, JavaScript, Perl, 
Python, etc. Due to these properties, JSON is 
ideal for transferring data and is supported by 
all modern programming languages. 
The mining activity is based on the activity 
logs saved in the SQL database of the deci-
sion-aware system. Those tables are exported 
as Microsoft Excel files and then imported in 
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logs, four of which are consistent with the 
structure required for importing data into ta-
bles ProM  Framework  (available: 
http://prom.win.tue.nl/research/wiki/prom/sta
rt) and are introduced in Figure 8. By using 
the  ProM Import Tool (available: 
http://prom.win.tue.nl/research/wiki/promim
port/start) those tables can be importen into 
the ProM Framework and therefore all the 
process mining algorithms can be used for 
converting the logs into models. 
 
 
Fig. 8. Tables used for storing decision activities logs 
 
Each record stores each user's interaction 
with the system (e.g. clicking on a menu or 
text box to view certain data, 
etc.). Process_Instances table contains a 
unique id for each process and the process 
name. Process name field stores the decision 
type in which the decision maker is involved. 
Since the current software only simulates the 
loan contracting decision, all instances of the 
log will show it. As other modules, simulat-
ing different decisions, are implemented this 
field will allow us to classify the instances 
for each decision. Due to the virtual envi-
ronment architecture (a web service core and 
modules for each department of the com-
pany) only a limited number of decisions are 
made by accessing a  module.  A complete 
trace of a decision process must contain three 
actions: log-in, log out and reach decision, 
actions  stored in the 
Data_Attributes_Process_Instances  table. 
The table Audit_Trail_Entries stores the ac-
tual action performed by the user, stored in 
WFMEIt  field as action_performed + ob-
ject_type + name_of_used_control (eg. click 
+  textbox + investment_value). The table 
Data_Attributes_ATE stores the  values dis-
played by the used control  (eg.  the value 
stored in the text box valoare_investitie is 
100000 lei). 
The records from logs actions can be directly 
connected to each decision maker. The log 
entries are completely ordered according to 
the timestamp between the log-in and log-out 
limits of a trace. A process is considered 
complete if the action reach decision is stored 
for the trace. 
Based on the activity logs, the activities are 
grouped into clusters (activity B in Figure 9). 
This activity uses domain-specific knowl-
edge that was previously incorporated in the 
simulation model and methods derived from 
data mining to cluster the log activities. The 
aim of this activity is the recognition of local 
patterns of mental activities. This is based on 
rules extracted from experts in the construc-
tion phase of the simulation model. Each rule 
expresses conditionality between the data 
items presented in the simulation. The pur-
pose of this local pattern recognition is to re-
veal knowledge limitations and relationships 
between various elements of the enter-
prise. After this step, all user-generated ac-
tivities will be assigned to a certain number 
of clusters. 
Activity C tries to determine relations be-
tween clusters. Basically, we try to identify 
the existence of preconditions (if a specific 
set of activities must be performed before 
another) or parallelism (if a number of activi-
ties belonging to several clusters may exe-
cute in random order). 
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Fig. 9. Proposed approach of decision mining 
 
Activity D checks  whether there are  some 
key actions that are mandatory  for a given 
decision. Our current approach is to identify 
these activities statistically (e.g. if 95% of the 
1000 users have checked a certain value in 
the simulation, it  means that the value is 
critical to the  decision-making  process and 
must be depicted individually). 
One of the goals of our research is to mine an 
individual decision-making process model. It 
should  contain clusters of activities strictly 
determined based on the actions in an indi-
vidual log trace. Such a model shows clusters 
of activities  and those key actions  (deter-
mined based on the logs of all users) that are 
present in the trace generated by the individ-
ual user. 
During F activities we seek to aggregate in-
dividual models in a  reference model.  Ag-
gregation is done by both by using all the 
traces in the logs grouped in clusters and by 
using the individual models mined for each 
user. 
The decision-making  process model (G) is 
multi-level. The overview shows the clusters 
of activities and the  key activities. At this 
level the process model should only show to 
the user the general approach over a decision 
(e.g. in the loan contracting decision it can 
state that first the user needs to document the 
investment that generates the financing need, 
then investigate the available loans on the 
market, then state that the user should always 
check the interest rate of the loans, then re-
view the financial position of the company. 
Each cluster can be further  expanded into 
sub-clusters on several levels.  The lowest 
level is reached when each  sub-cluster is 
composed  only  of atomic activities. At the 
top level the problem of parallelism and the 
order in which the clusters  are depicted is 
present (e.g. what-if analysis for a number of 
actions will be repeated several times, requir-
ing the introduction of cyclic structures in the 
model). 
Another approach currently under investiga-
tion is data centric.  
 
3 The experiments and a running example 
The experiments were performed by involv-
ing the final year students at bachelor and 
master level, resulting in two samples repre-
senting the knowledge of students near 
graduation of the first and second study cy-
cles (our experiments were conducted during 
the last semester of courses). The first sample 176    Informatica Economică vol. 15, no. 1/2011 
 
consisted of  a number of  35  users and the 
second one of 12 users (according to the ap-
proximate proportions of the number of stu-
dents enrolled at our university in the first 
and the second  cycle  of studies). We  also 
used a number of four experts who have 
helped us build the simulation model. There-
fore, the sample logs consist of 4 expert 
traces, 12 intermediate traces and 35 begin-
ner traces.  
We set up three usage sessions during the 
semester, according to the level of knowl-
edge held by students. The first session was 
held at the beginning of the semester. The 
users had to employ only the knowledge they 
previously held (the level of knowledge is 
considered beginner) with a minimal training 
about the system. The second session was 
conducted at the middle of the semester, after 
the students had some training in decision-
making process and strategies. We did not di-
rectly discuss the loan contracting decision or 
the scenario implemented in the decision-
aware system (level of knowledge is consid-
ered intermediate). The third session was 
held at the end of the semester, after the loan 
contracting decision was discussed during the 
classes, but without mentioning specific 
data. In this case, the level of knowledge is 
considered to be advanced. 
The decision scenario implemented in the 
decision-aware system requires the user to be 
the manager of an enterprise. The user is re-
quired to decide over the possibility of fi-
nancing an investment by contracting a 
loan. The user must choose a decision alter-
native for: loan amount, loan period, the 
down payment, loan type and type of reim-
bursement  instalments. The values inputted 
by each decision maker are stored in the De-
cisions table. All these values need to be 
filled-in in order to save the decision (Deci-
sion click the Save button / Log-off). If all 
the values are not filled-in and / or the user 
wants to exit without making a final decision, 
the log-out option is available in the menu 
bar. A process is considered complete if it is 
ended by saving all the required values for 
the decision variables. 
 
 
Fig. 10. Decision variables to be filled-in for the Loan Contracting Decision 
 
When building and evaluating decision alter-
natives the user can review: 
- all the financial data of the company (found 
in one of the forms: cash flow, balance sheet, 
income statement, trial balance and indica-
tors) - see Figure 10; Informatica Economică vol. 15, no. 1/2011    177 
 
-  all information regarding the available 
loans  on the market such as interest rate, 
commissions, minimum down payment, 
maximum loan value, required warranties, 
etc. (can be found in the menu Market Situa-
tion); 
- the data about the investment to be made 
(provided in the Investment Evaluation 
menu). 
One can notice that, with respect to the deci-
sion making process, the simulation model is 
based on four clusters of activities: knowl-
edge accumulation on the situation of the 
company; about funding opportunities 
through loans, on the planned investment and 
on the generation / selection of decision al-
ternatives. The expert’s contribution towards 
the simulation model was, for this scenario, 
identifying data and information required and 
their sources. We also required the experts to 
provide some insights about data requiring 
aggregation. Basically, our research approach 
is to put the decision-maker in a well delim-
ited  decision  making  situation and provide 
him with all the necessary data items for rea-
soning  during the  decision-making  proc-
ess. Our goal is to capture,  as accurate as 
possible, the undirected and unrestricted rea-
soning process. 
The data shown in cash flow, balance sheet, 
income statement and trial balance forms are 
structured according to current laws and ac-
cording to accounting and financial reporting 
standards. These forms have a similar struc-
ture as the one used in real financial state-
ments. Scenario data is available for all the 
fields in each  form. Of course, the data for 
the decision-making process ranges from not 
important to essential. This presentation has 
two advantages  for this decision making 
situation: 
-  does not direct, in any way, the decision 
process of the user, 
- the user needs to choose, from all the avail-
able data items, only the ones he finds rele-
vant for this particular process. 
For assessing the lending opportunities on 
the market, we use the same principle of pro-
viding a multitude of data items from which 
the user needs to select only the ones he finds 
relevant. 
The logging of user's reasoning process is 
currently limited to a  low-level  ap-
proach. This means we can track, and record 
in the logs only the values that have been se-
lected by the user for reviewing. The logging 
steps are: 
- when a page is displayed all text boxes are 
empty (a) – Figure 11 
- if the user wants to see a certain data item 
he needs to click on the appropriate text box 
(b) and the value is shown (c) – Figure 11 
- the system logs in the tables of the database 
information such as text box's name, the 
value displayed in it, the timestamp, etc.. – 
Figure 12. 178    Informatica Economică vol. 15, no. 1/2011 
 
 
Fig. 11. User activity sequence example in the Loan Contracting Module 
 
 
Fig. 12. User activity data stored in the log tables - example 
 
The log data in Figure 12 can be interpreted 
as follows: 
-  in  a  usage  session (eg. Process_Instances 
table for a new session, the value in the PI-ID 
field is 1), a decision process that was logged 
is bank loan financing. If several applications 
are  logging  different  decision-making 
processes the Description field will allow us 
to clasify the actions to the right process; 
- there may be complete processes (e.g. for 
PI-ID = 1, there are 3 entries in the table 
Data_Attributes_Process_Instances: Log-in, 
Log-out and Reach Decision). We also 
logged the user name. An example of an 
incomplete process is PI-ID = 7 session; 
- in the Audit_Trail_Entries table the actual 
user activities are logged (e.g. for the session 
PI-ID = 3, the third activity is carried out by 
the user clicking on an a text box in case 
which shows that the user wanted to find the 
value related to the type of investment); 
- in the Data_Attributes_Audit_Trail_Entries 
table we can see that for the activity 3 (ATE-
ID = 3) the value actually shown to the user Informatica Economică vol. 15, no. 1/2011    179 
 
in the text box (type invested) was "utility 
vehicle"; 
- in the Decisions table we can see the values 
inputted by the users for each  decision 
variable for all the complete decision 
processes. 
The result of decision mining is a decision 
workflow reference model based on the user 
behavior during the interaction with the 
decision-aware system. For this particular 
decision, loan contracting, the workflow 
model included in the figure below (Fig. 13) 
is extracted using the proposed approach 
from a log containing a total of 18 complete 
traces. The model-building method is semi-
manual (after the completion of the testing 
algorithm an application that automatically 
extracts the model will be built). 
One can notice that in the model shown in 
Figure  13a  there are six clusters of 
activities. This grouping of user’s activities is 
not surprising, considering the specific 
decision studied. Each cluster is composed of 
atomic activities (which is not mandatory for 
more complex decisions, when each cluster 
can be composed of multi-level sub-
clusters). Basically, this model recommends 
steps to perform if a manager wants to make 
a decision on contracting a bank loan. As it 
can be seen, the focus is not the choice of a 
decision alternative but the actions that need 
to be performed by the decision maker during 
such a  decision process. We  argue  that a 
clear  an complete decision workflow is 
absolutely necessary in making the correct 
decision. 
In Figure 13b we introduce the model 
produced by the algorithm Fuzzy Miner 
(included in the ProM Framework). In order 
to build this model we imported the logged 
decisional activities in ProM (using the ProM 
Import Tool) and ran a series of tests using 
the most important algorithms in the process 
mining field. The most conclusive results 
were obtained by the Fuzzy Miner. A short 
comparison reveals that a number of 
activities are identified both by DMA and 
Fuzzy Miner. However, DMA extracts a 
larger number of activities of those deemed 
essential by experts. However, DMA is not 
currently a general algorithm (therefore we 
expected it to produce better results on a 
customized  log). In the next period we will 
create the necessary mathematical foundation 
of DMA and  take the next steps towards 
generalization. 
The model presented in Figure 13a is not a 
reference model since it was obtained based 
on the  actions performed by students and 
master degree students from the Faculty of 
Economics and Business Administration at 
the University of Babes-Bolyai University in 
Cluj-Napoca. The sample is representative 
only to the students' knowledge and is not 
relevant to the real economy. The sample 
will be extended by future studies on groups 
of users from different industries and from 
different regions and countries (the 
application will be used by students from the 
Technical University of Eindhoven).
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Fig. 13. Comparison of a) DMA and b) Fuzzy Miner models 
 
The model is more relevant at the level of the 
local  patterns of thinking. At this level an 
example is shown in Figure 14. The example 
details how the evaluation of alternatives was 
performed by four  experts  involved in our 
study. In Figure 14a we introduce a model of 
the interactions of the four experts. In Figure 
14b  we  show the model extracted using 
DMA approach, highlighting the fact that 
verification of cash available is considered a 
key action, so it is "extracted" from the 
cluster.
 
 
 
Fig. 14. Partial decision making pattern 
 
4 Conclusions and Future Work 
We introduced in this paper our approach 
towards implementing and using a decision-
aware system. In the introduction we pre-
sented the general approach towards the re-
searched area and our proposals regarding 
the architecture of an enterprise-wide deci-
sion aware system, the architecture of an in-
dividual module and the life cycle of a mod-
ule. 
There are several issues that need to be con-
sidered when designing such a system (the Informatica Economică vol. 15, no. 1/2011    181 
 
decision that needs to be modelled, the activ-
ity logging techniques, the format of the 
logs). We presented in the paper the current 
implementation of a module of the decision-
aware system that focuses on the loan con-
tracting decision. The user is presented with 
all the data generated by the enterprise, with 
the available loans on the market and needs 
to decide on the amount to be loaned, on the 
loan period, on the type of the loan and on 
the type of instalments. 
So far we only implemented the low-level 
logging techniques. This basically means that 
we log all the clicks performed by the user 
(the value of a data item is shown only when 
the text box is clicked). We also provide the 
user with the possibility to derive (calculate) 
new data based on the values in the simula-
tion. We presented in more detail how log-
ging is performed and how we actually log 
all the calculation steps performed by the 
user when deriving new data. All those ac-
tions are stored in five log tables that can be 
mined. 
The mining approach presented in the paper 
is a framework that argues how we plan to 
extract new knowledge from the activity logs 
created before. There needs to be a balance 
between abstraction and completeness. In or-
der to solve this problem we propose a multi-
level model containing clusters and key ac-
tions. 
In conclusion, we believe that this approach 
can be an alternative to traditional methods 
of extracting the knowledge regarding the 
decision-making processes, without trying to 
replace them. So far, this approach is an on-
going research. But prospects are promising, 
considering the results outputted by the 
proof-of-concept implementation. 
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